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REMARKS 

Reconsideration and withdrawal of the rejection of all' of the claims under 35 U.S.C. 1 12 
for lack of enablement, set forth on pages 2-7 of the Miction, as well as the non-statutory 
obviousness type double patenting rejection over claitfis 1-6 of US 6,734,176, which 
issued from parent application 10/320,894, set forth oh pages 7 and 8 of the Action, are 
respectfully requested. 

Applicants' claimed invention defines a methotd for treating a condition that 
responds to treatment with cannabinoid antagonists selected from the group consisting of 
schizophrenia, Parkinson's disease, Huntington's chorea, Raynaud's syndrome, alcohol 
abuse and pain by administering to a patient in need thereof an effective amount of a 
compound of formula (I) as defined in the claims. These compounds are disclosed in the 
application to be cannabinoid antagonists and to be effective for treating the recited 
conditions. 

Applicants are submitting herewith copies of the following additional publications 
that show ait-recognition of the efficacy of CB-1 antagonists to treat said conditions: 

T. M. Westlalce et aL 7 CANNABINOID RECEPTOR BINDING AND 
MESSENGER RNA EXPRESSIONS HUMAN BRAlN: ANIN VITRO RECEPTOR 
AUTORADIOGRAPHY AND IN SITU HYBRIDIZATION HISTOCHEMISTRY 
STUDY OF NORMAL AGED AND ALZHEIMER'S BRAINS, Neuroscience Vol 63, 
No.3, pp. 637-652, 19994 (Exhibit I ... Alzheimer's); 

Y. P. Maneuf et al., The Cannabinoid Receptotf Agonist WIN 55,212,-2 Reduces 
D^but Not Di, Dopamine Receptor-Mediated Alleviation of Akinesia in the Reserpine- 
Treated Rat Model of Parkinson's Disease, EXPERIMENTAL NEUROLOGY 148, 265- 
270 (1997) (Exhibit II ... Parkinson's); and 

Roger G. Pertwee ? Neuropharmacology and therapeutic potential of 
cannabinoids, Invited Review, Addiction Biology (2000) 5, 37-46 (Exhibit III ... 
schizophrenia). 
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Further, the rejection is not well taken and shduld be reconsidered and withdrawn. 
This rejection is couched in terms of enablement - how to make, operability 7 etc., and the 
physician as the person of ordinary skill in the art. However, the enablement requirement 
is more than adequately met in Applicants' specif] catiton. Nor is it appropriate to 
designate the general practitioner physician as the ond of ordinary skill in the art to which 
the present application is addressed. Rather, this application is addressed to scientists in 
the pharmaceutical industry, the persons who would manufacture the active compounds, 
develop dosage forms and methods for administering them, and obtain the necessary 
clearance from the FDA and similar agencies. 

Indeed, as the Examiner has stated on page '8 of the Action, 
"It would have been obvious to one having ordinary skill in the art at the 
time of the invention to select any one of the disorders embraced by the genus 
taught by the reference [U*S- Patent No. 6,734,17^ including those instantly 
claimed* because the skilled chemist would have thfe reasonable expectation that the 
compounds to (sic) have the same activity. >. disorders taught in the reference..,." 

Could there be a clearer acknowledgement of Enablement, given that the 
disclosure of the reference and that of the present application are substantially identical? 

As regards the double patenting rejection set forth on pages 7 and 8 of the Action, 
Applicants are submitting herewith a terminal disclaimer fully compliant with 37 CFR 
3 ,73 (b), thereby obviating this rejection. 

CONCLUSIONS 

Favorable reconsideration and prompt Notice &f Allowance are earnestly 
solicited. The examiner is invited to please contact the undersigned with any questions or 
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comments preferably at the telephone number or e-maiil address indicated below. 




sanofi-aveatis Lie. LLC 

U.S. Patent Operations 

Route #202-206 / P.O. Box 6800 

Bridgewater, NJ 08807-0800 

Telephone (908)231-2785 

Telefax (908)231-2626 

e-mail:irving.newman @ sanofi-aventis.com 

sanofi-aventis Docket No. ST00008 US CNT1 
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CANNABINOID RECEPTOR BINDING AND MESSENGER 
RNA EXPRESSION IN HUMAN BRAIN: AN IN VITRO 
RECEPTOR AUTORADIOGRAPHY AND IN SITU 
HYBRIDIZATION HISTOCHEMISTRY STUDY OF 
NORMAL AGED AND ALZHEIMER'S BRAINS 

T. M. WESTLAKE * A. C. HOWLETT,* T. I. 6t>NNER,r L. A. MATSUDATJ 
and M. HERKENHAM§] 
•Department of Pharmacological and Physiological Science. Si Louis University School of Medicine. 

St. Louis. MO 63104, U.S.A. 
^Laboratory of Cell Biology. NfMH, and §Section on Functional Neuroanatomy, NIMH. Building 36\ 
Room 2015. Bcthesda, MD U.S.A. 

Abstract — The distribution and density of cannabinoid reeepior binding and mcssen^r RNA expressio n 
in aged human brain were examined in several forebrain and ba$a! ganglia structures. In vitro binding 
or pH]CP-55,940, a synthetic cannabinoid, was examined by autoradiography in fresh frozen brain 
sections from normal aged humans (n =3), patients who died with Alzheimer's disease (" = 5) and 
patients who died with other forms of cortical paihology (n = 5j. In the structures examined— hippocani- 
pal formation, neocortex, basal gansliar and pans of die /brainstem— receptor binding showed a 
characteristic pattern or high dengues in the dentate gyrus molecular layer, globus pallidus and substantia 
nigra pars reticulata, moderate densities in the hippocampus, neocortex, amygdala and striatum, and low 
densities in the white matter and brainstem, t* -viiu hybridization histochemistry of human cannabinoid 
receptor, a ribonucleotide probe for the human cannabinoid receptor messenger RNA» showed a pattern 
or extremely dense transcript levels in subpapulations of cells fa the hippocampus and cortex, moderate 
levels in hippocAmpai pyramidal neurons and neurons of the striatum, amygdala and hypothalamus, and 
no signal over dentate gyrus granule cells and most of the ceils of the thalamus and upper brainstem, 
including the substantia nigra. In Alzheimer's brains, compared to normal bTains. pH]CP-55,940 binding 
was reduced by *7-a$% in all of the subfields of the hippocampal formation and by 49% in the caudate. 
Lesser reductions (20-24%) occurred in the substantia nigra anil globus pallidus, internal segmenL Other 
ncocortical and basal ganglia structures were not different from* control levels. Levels of messenger RNA 
expression did not differ between Alzheimer's s*nd control brains, but there were regionally discrete 
statistically significant losses of the intensely expressing cells' in the hippocampus. The reductions in 
binding did not correlate with or localize xo areas showing hislopathology. estimated cither on the basis 
of overall tissue quality or silver staining of neuritk: plaques and neurofibrillary tangles. 

Reduced l J H]CP- 55.940 binding was associated with increasing age and with other forms of cortical 
pathology, suggesting that receptor losses are related lo the generalized aging and/or disease process and 
are not selectively associated with the pathology characteristic of Alzheimer's disease, nor with overall 
decrements in levels of cannabinoid receptor gene expression. 



The initial symptoms of a progressive dementia such 
as Alzheimer's disease (AD) include cognitive 
changes in orientation, judgment, abstraction and 
memory. 31 The cognitive changes that occur during 
the course of AD appear to correlate with the neur- 
onal destruction seen in structures thought to be 
important in cognitive processing, namely the hippo- 
campus, amygdala, and temporal, parietal and fron- 
tal cortices- Presently, neither the degree of atrophy 

{Present address: Department of Psychiatry and Behavioral 
Sciences. Medical University of South Carolina* 
Charleston, SC 29425.. U.S.A. 

PTo whom correspondence should be addressed. 

Abbreviations: AD, Alzheimer's disease: 6SA. bovine scrum 
albumin; GPe. external segment of globus pallidum GPi. 
internal segment of globus pallidus; hCNR, human 
cannabinoid receptor, SSC, standard saline citraLe. 



nor the -numbers of ncuritic plaques and neurofibril- 
lary tangles, the histological hallmarks of AD, have 
provided an invariant neuropathological correlate of 
the deg?ec or clinical dementia. 4 Of the many neuro- 
transmitters and biochemical markers that have been 
shown Ip be altered in the course of the discasc, 20 • ,,a '' ,, 
as yet no single one has been implicated as being 
common to all affected neurons. 25 

The cognitive and memory disturbances seen clini- 
cally in* AD are reminiscent of similar but transient 
disturbances seen with marijuana usage. The psy- 
choactive constituent of marijuana, A •-tetrahydro- 
cannabinol, produces deficits In attention, concept 
formation, convergent and divergent thinking, 
decision-making, and short-term memory. ******* The 
CNS actions of 6 '-tetrahydrocannabinol and other 
active cannabinoid agonists have been attributed to 
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PAGE 6/40 * RCVD AT 5/23/2006 2:59:23 PM [Eastern Daylight Time] ■ SVR:USPTO€FXRF-6/32 ■ DNIS:2738300 * CSID:908 231 2626 * DURATION (mm-ss):17-32 



'MAY. 23. 2006 



3:05PM 

638 



AVENTIS US PAT D EPT 



NO. 4277 P. 7 



T. M Wcstlake et of. 



their interaction with cartoabmoid receptors that are- 
coupled to adenylate Cyclase in neuronal plasma 
membranes.-" 11 These receptors are present in high 
concentrations in brain regions that are important for 
cognition, emotion and memory formation. 2K29 Since 
these foTcbrain regions undergo degeneration in AD, 
we chose to examine the distribution of cannabinoid 
receptor binding and mRNA in normal and diseased 
human hippocampus and other selected brain regions 
as a test of the hypo thesis that the cannabinoid 
system is potentially important in the basic mechan- 
isms of memory processing and in the pathogenesis of 
the disease. 



EXPERIMENTAL PROCEDURES 
Tissue cottevtitM 

Human brain tissues were obtained and processed for 
routine histopalhology through tho Department of Pathol- 
ogy, St Louis University School of Medicine* OF the 13 
patient* examined, seven had previously satisfied DSM-1I1- 
R criteria for dementia 3 and were enrolled in the St. Louis 
University Alzheimer's Disease Brain Bank program 
(Table I). 

Brains were removed 2-!3 h after death and divided in the 
midsagiual plane; one hemisphere was retained for patho- 
logical diagnosis and the other was immediately placed in a 
— 7CTC frce7CT and stored until use. The frozen hemispheres 
were then blocked so as to obtain entorhinal cortex, hippo- 
campus, basal ganglia, and portions of insular and medial 
temporal cortex. The blocks were placed in a cryoslai and 
cut in the coronal plane. Sets of serial IS-^m- thick sections 
were collected and thaw mounted on to gelatin-coated 
slides, dried briefly on a hot plate at 30' C and stored at 
— 40* C until use. Sets of sections were collected every I mm 
through the rostral hair oT the hippocampus, the globus 
pallidus and the striatum ai the le^el of ihc anterior 
commissure. Sets of adjacent sections were selected for 
receptor binding (total and non-specific), for in jw'w hybrid- 
ization histochemistry (sense and antisense ribonucleotide 
probes), and for Nissl staining with Cmsyl VioleL 

Sifvff Stain for <feg?i*eratUm 

Another set of adjacent sections was processed Tor silver 
staining for ncuritic plaques and neurofibrillary tangles. 5 
The stain is a modification of the Callyas technique for 
demonstrating axonal degeneration using silver impreg- 
nation and physical development.' * The protocol (by R. C. 



Switaer HI) can be obtained in kit form (Chemicoo. Temec~ 
ula, CA). Silver-slained sections were lightly couPterstaincd 
with Crcsyl Violet. 

CannubinDxd receptor in viiro binding 

The in vitro binding assay has been described. 2 *-* FHJCP- 
55,940 (specific activity ?9.4Ci/mmol) was custom. radio- 
labeled by New England Nuclear (Boston, MA). Both 
CP-55.940 and CP- 55,244 (the most potent cannabinoid in 
the CP series) were obtained from Pfizer, Inc. Unfixed 
slide-mounted sections were incubated in a solution of 
50 mM Tris HCl, pH7.4, with 5% bovjnc scrum albumin 
<B$A) and lOnM PHJCM5.940 at 3?*C Tor 2.5 h, Non- 
specific binding was determined in adjacent sections by 
Bddjtion of 10^ M CP-55.244. Sections were washed twice 
m a solution or 50 mMTris HCL pH7A with i% BSA for 
4h at 4'C. The sections were then immersed in a 50 mM 
Tris-HCl, pH 7.4 V 0.5% formaldehyde solution at 25 C for 
5 min, quickly dipped in deionized water and blown dry. 
The slides were placed in X-ray cassettes along with iritium 
standards (high-density *H Micro-scales. Amersham. Ar- 
lington Heights. IL) and exposed to tritium-sensitive film 
(Hyper^m- 5 H, Amersham). All films were developed 
CD<9. Easiman Kodak, Rochester. NY) after 10 days of 
exposure. 

Cannahinmd receptor in situ hybridization 

A 1.5 kb Sstl-Xbal fragment of the human cannabinoid 
receptor gene (Bonner T. !. unpublished observations) was 
inserted into the SstI and Xbal sites of the pSP72 vector 
(Prbmcga Biotech, Madison, WI) to create the plasmid 
called hCNR p20. The plasmid was linearized whh Xbftl or 
EcoRI to make sense or antisense cRNa probes, respect- 
ively, corresponding 10 bases -28 to 1479 of tho human 
cannabinoid receptor cDNA. ,? fa vitro transcription of the 
ribonucleotide probes was carried out using SP6 to make ihe 
antisense probe and T7 to make the sense probe (Riboprobc 
Sysnem. Pro mega) in the presence of [«--*$)UTP (sp- act. 
l'OOO-liOOCi/mmol: New England Nuclear). Probes were 
he-it-denatured (9(TC. 3 min) prior to addition to hybridiz- 
ation buffer [50% rormamidc, 4 x SSC (I x SSC is 0.15 M 
sodium chloride and 0.015 M sodium citrate, pH7.2), 
500/ig/mI single-stranded DNA, 250pg/mr yeast tftNA, 
0,Q2H Ficoll, 0.02% polyvinylpyrrolidone, 0.02% BSA and 
10% dcxtran sulfatel. 

Sections were prepared for ribonucleotide probe hybridiz- 
ation as described previously. Briefly, tissue was fixed, 
acetylaled- dehydrated, defatted and then hybridized 
overnight at 53"C with 5 x I0 5 c.p.m. or labeled probe per 
section, treated with RNase A (20j£g/m!, Boehringer 
Mannheim) for 30 min at 25 C rmscd, washed sequentially 
ibr? 60 min in 2 x SSC at 50 *C, 60 min in 0.2 x SSC at 55 C. 
and oO min in 0.2 x SSC at WC, briefly rinsed in a graded 



Table I. Subject information for 



used in this study 



Subject 


Sot 


Age 


Pan -mortem 
interval (h) 


Dcmemia 


Neuropalholcgical diagnosis 


AD-B 


F 


85 


2.8 


Yes 


AO 


AD-E 


M 


85 


7.3 


Yes 


AD 


AD-1 


M 


69 


12.3 


Yes 


AD 


AO-J 


M 


84 


13.0 


Yes 


AD 


AD-M 


P 


S4 


2.8 


Yes 


AD 


AD-K 


M 


90 


2-5 


Yes 


AD: multiple infarct dementia; 










Fahfs disease 


AD-A 


F 


70 


6.2 


Yes 


Progressive subcortical sclerosis 


A-L 


F 


50 


11.9 


No 


Normal 


AG 


M 


65 


2_3 


No 


Normal 


A-F 


M 


45 


0.5 


No 


Normal 


A-C 


P 


61 


8.5 


No 


Alcoholic 


A-H 


M 


62 


5.5 


No , 


Alcoholic 


A-D 


M 


79 


7.7 


No 


Neuritic plaques; fahr's disease 
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Cannabinoid receptors 

scries of rthunols combining 0-3 M ammonium aceuue, and 
dried. 

Slides and standards, both ,5 S-irnpTcgnated brain paste 
standards of known radioactivity and wet weight and 
^(^impregnated plastic standards (American Radiochemi- 
cals, St. Louis, "MO), were placed in X-ray cassettes and 
apposed to Him (Hyperfilnvtf Max, Amcrshant) for* four to 
seven days, FUrns were developed (D19) for 5 min at IfTC. 

To determine ihe anatomical localization of probe at the 
cellular levcL sections were dipped in NT&-2 nv clear irack 
emulsion (Kodak) as described previously. 26 exposed "for 
two to six weeks, developed (D19) for 2mio at 16C and 
coumerstained wiih Crcsyl Violet- 

Quttnitiatmt> film image analysis 

Developed films of receptor binding and probe hybridiz- 
ation were illuminated wiifi a light box. arid images were 
digitized using a solid-state video camera and a Macintosh 
II computer-based system using Image soAware (Wayne 
R as band, Research Services Branch, NIMH). Brain struc- 
tures appearing on the monitor were identified using the 
corresponding Nissl-stained section and a human brain 
atlas. w and defined regions were delineated using a mou$e 
cursor control to obtain an average density reading for the 
outlined structure. A feature called Density Slice was used 
to eliminate regions containing background labeling from 
the area to be measured, For the autoradiography of 
receptor binding, these were holes or tear* in ihe structure, 
and for the mRNA auioradiographs they were areas show- 
ing no hybridization signal above " tissue background. 
Whenever passible, the densities from three or more sections 
(tola! and non-specific) were obtained for each structure and 
averaged. Based on ihe known radioactivity of the 
standards and ihe "C standards (these were co-calibrated) 
relative to their transmittancc values, the density measures 
were converted to nCi/mg tissue wet weight using a bcst-fii 
polynomial equation. Using the specific activity of the 
isotope and the ratio of mg pfoteirt/mg tissue' (approxi- 
mately 1:10). these valves were then expressed as pmol 
bound/mg protein. Cell counts of. intensely expressing 
mRNA-posiiive cells rn the hippocampus were made by 
isolating such eells with the Density Slice operation — the 
slice boundaries were adjusted so that such cells were 
selected and moderately expressing cells rejected: All data 
were expressed as means ± $-D. Statistical significance was 
determined by two-way analysis of variance (ANOVA) 
followed by one-way ANOVA for each structure. Post hoc 
tests used "were the Bonferroni-Dunn test for the binding 
data and Student- Newman -Kculs test for the hybridization 
data, with significance determined at iHc 0.05 and 0.01 levels 
of confidence. 

RESULTS 

"Neuropath ©logical examination (Tabic I) revealed 
thai five of seven patients who had died with signs of 
dementia had abundant senile neuritic plaques and 
neurofibrillary tangles in the hippocampus and cer- 
ebral cortex {frontal and temporal lobes) satisfying 
quantitative consensus criteria for AD.* 3 The sixth 
patient was diagnosed as having progressive subcorti- 
cal sclerosis, exhibiting gliosis and astrocytosis of the 
deep subcortical nuclei. Tn this brain, the hippo- 
campus was relatively free of pathology; there were 
some scant neurofibrillary tangles in the hippecaropal 
CAI subfield and in the cntorhinal cortex, otherwise 
no other plaques or tangles were seen throughout the 
brain. The seventh brain demonstrated AD pathol- 
ogy but also had multiple lacunar infarcts. Both of 
these brains were examined in Ihe course of the Study. 



in aged human brain 639 

but included separately in the statistical analysis- The 
duration 1 of dementia for these patients ranged from 
three iO'l2 years. 

Brain tissues from six non-demented aged patients 
were also obtained to serve as controls. On neu- 
ropathologies! examination, five of the controls had 
no dcmdnstrable neuritic plaques or neurofibrillary . 
tangles". >The sixth patient had widespread disuse 
tteocortical plaques and perivascular calcification in 
the basal ganglia and, therefore, was given ihe diag- 
nosis of Fahr's disease. In addition,' two other 
-patients toad been clinically diagnosed as alcoholics. 
Thus, these last three brains were examined separ- 
ately in 'the statistical analysis.. As a result of the 
exclusions, the AD group consisted of five brains, 
mean a^e 8 ! years, whereas the normal group con- 
sisted of three brains, mean age 53 years. The five 
excluded* brains had a mean age of 74 years (Table 1 ). 

Recepro* binding with ?H\CP -55,940. 

The autoradiographic distribution of [ J H]CP- 
55,940 binding in the human control brains (fig- 
fa-c) was consistent with the previous report describ- 
ing caortabinoid receptor localization in humans and 
Other species. 29 Total binding was greater than 90% 
specific. In the brain regions examined, binding den- 
sities were greatest in the dentate gyrus molecular 
layer, the internal segment of the globus palltdus 
(GPi) and the substantia nigra pars reticulata 
(Figs 1.2; Table 2); they were lowest in the thalamus, 
sublhalstmus, pons and mesencephalon (Fig- 1 )- 

Quantitative densitometry showed that in various 
areas of the AD brain, significant decreases in can- 
nabinoid receptor binding occur relative to control 
(Table 2), The percentage decreases in the hippocam- 
pal formation were: cntorhinal cortex. 40%: subicu- 
Juro. 37%: CAI, 38%; dentate hilus, 45%. These 
decreases were significant at the 0.0 1 confidence level. 
The CAI3 subfield was the only region of the AD 
hippocampus not significantly different from control. 
The substantia nigra pars reticulata and the GPi were 
significantly decreased in the AD group (24% and 
20%. respectively: P <:005), whereas the putamen 
and external segment of the globus pallidus (GPe) 
were not statistically different from control. The 
caudate exhibited the greatest decrease in receptor 
binding;(49%: P <0.0l). The two areas of cerebral 
cortex examined, an area of insular cortex (Brod- 
mann's areas 13-16) and a medial portion of superior 
temporal cortex lining the Sylvian fissure at the 
level of ihe GPe and GPi (Fig. lb), showed decreases 
in can rta bin oid receptor binding that were not 
significant. 

The brains that were not included in the statistical 
analysis: had receptor binding densities (Table 2) that 
tended to correlate positively with the extent of 
neuropathology. Cell counts were not performed, 
so pathology cell loss was estimated on the basis 
of general appearance of the Nissl-staincd tissue, 
overall shrinkage of the structures and the presence 
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Fit 1. Autoradiography of JOjiM [' H JCP-55.940 binding in human brain sections cut id the coronal 
plane- Midline is lo the right. On the lefi (a-d) are film images of a normal train at three levels: caudate 
and puiamen al the level of the anterior commissure (a), pfuiaroen and both segments of the globus pallidas 
<b), and substantia nigra and rostml hippocampus (c). Non-spccinc binding in a section adjacent lo c is 
shown in d. On the right are film images of an. AD btfain at the same levels <e-h correspond te a-d, 
respectively). Non-specific binding is shown in h- Arrow^in b and f points to receptor-dense striatonigral 
axons. Arrowheads in b point to the insular cortex (medial wall of insula) and temporal cortex {superior, 
on wall of Sylvian fissure) measured by densitometry, ac anterior commissure; Amy. Amygdala; 
C caudate; Em. emorhinal cortex; GPc and i, globus pallid us external and internal segments; 
HF, hippocampal formation; Hy, hypothalamus; ic, internal capsute; P, putamen; SN. substantia nigra: 

Tru thalamus- Scale bar = 10 mm. 
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Table 2. Cannabinoid rccrptor densities in the structures listed, grouped according 10 diagnosis 





Control 


AD 


EtOH 


PSS 


FD 


AD/MI DTD 


B m i n r egio n 


in = 31 


[n — 5) 


( n * 2) 




in = W 

v* — l J 


in = \) 


Entorhinal Cx 


1.96 ±0.15 


1-1810.21*" 


1.25 


1.53 


1.35 


0.47 


Subiculum 


2.12 ±0:28 


1.35 ±0.14" 


1.33 


2.21 


1.47 


0.6S 


CAt ■ 


X29 ± 0.28 


1.41 ±0.16** 


1.09 


2.21? 


1.41 


0.86 


CA3 


2.22 ±0.33 


L67 ± 0.39 


J. 45 


2,42 


1.41 


0.68 


DG ML ' 


2.67 ±0.14 


1.85 ±0.22" 


1.48 


2.55 


1.57 


1.34 


DH 


" I.I3±0.06 


0.65 ± O.JO** 


0.63 


1.00 


0.57 


0.55 


SNpr 
GPi 


3.39 ±0.58 


2.59 ±0.28* 


2.40 


3.00 


2.43 


1.64 


3.61 ±0.50 


2_S8 ± 0.37* 


2.58 


2.66 


2.81 


2.09 


GPe 


2.52 -f 5.20 


2.18 + 0,67 


1.78 


1.53 


1.60 


1.43 




1.52 ±0.08 


1.20 ±0.20 


1.10 


1.24 


1.00 


0.54 


Caudate 


J.4S±0.36 


0.76 + O-OT - '" 


0.73 


0.80 


1,05 


0.56 


Insular Cx 


L57 + 0.37 


1.99 ±0.10 


1.16 


1.25 


1.29 


0-45 


Temporal Cx 


0,99 ± 0.42 


0.73 + 0.04 


■ 0.59 


0-55 


* 0.68 


0.30 



Values are pmol/mg protein and, where applicable, +S.D. Diagnostic abbreviations AD, Alzheimer"* 
. disease; EtOH, alcoholic; FD. Fahr's disease: MID, multiple infarct dimcntia: P$S, progressive 
subcortical sclerosis. Structure abbreviations; CAI and 3. Hp p oca m pal subftelds; Cx, cortex; DG 
M L. dentate gyrus molecular layer; DH. dentate hilus: GPe and i. globus pall jdus external and 
internal segments; SNpr, substantia nigra pars reticulata. < 0.05 and •*7*<0.0I: significant 
di (Terence compared lo control. 



of degeneration in the silver-stained sections. For 
example, the brain with progressive subcortical scler- 
osis had relatively little hippocampal pathology, and 
thus the hippocampal binding densities were similar 
to the means oF the normal hippocampal values. In 
other brain regions known to be affected by the 
disease, such as the GPi, putamen and caudate, this 
brain had receptor binding densities similar to those 
means of the AD brains. As for the brains of patients 
diagnosed as alcoholics, even Lhough these brains had 
no demonstrable neuritic plaques or neurofibrillary 
tangles, their receptor binding densities were all strik- 
ingly similar to the AD values. Presumably, these 
brains had some son of pathology not demonstrably 
evident using the convential silver stains. The patient 
who had received no clinical diagnosis of dementia 
but whose brain had numerous neuritic plaques on 
neuro pathological examination also had receptor 
binding densities that were similar to values of the 
AD brains. The patient who had multiple diagnoses, 
including AD, multiple infarct dementia and Fahr*s 
disease* and had Lhe greatest amount of cell loss had 
the lowest receptor density values or all structures 
examined (Table 2). 

f 3 H]CP-55,940 binding was homogeneously dis- 
tributed throughout neuropil containing plaques and 
tangles (Figs 2, 3). Within the AD group, there was 
a very weak correlation between deficits in receptor 
binding density and the abundance of neuritic 
plaques and neurofibrillary tangles at the light micro- 
scopic level. It would also appear then that the 
cann&binoid receptor binding deficit is not a reliable 
correlate of the extent of pathology as defined by 
plaques or tangles. 

In situ hybridization with the human cannabinaid 
receptor ribonucleotide probe 

There was no hybridization of the sense strand— 
the film images were essentially blank, and the sec- 



lions were barely visible above slide background and 
were homogeneous in density (data. not shown). The 
hybridization of the p 5 S]hClsTR anrisense probe was 
highly specific, and the pattern was similar across all 
the brains examined, though Overall differences in 
signal intensity were large between cases, fn all cases, 
cells showed varying degrees of labeling density in a 
pattern of distribution across structures that roughly 
paralleled- the distribution of ^HICP-S 5,940 binding. 
Specific details of the normal distribution pattern are 
shown in Tigs 4-8. 

The majority of cannabinoid receptor mRNA-cx- 
pressing neurons were in the cortex, in a pattern that 
will be described in greater detail below. Subcortical 
structures' examined that contained numerous 
mRNA-pOSilive cells were the striatum (Fig. 4a-c) 
and amygdala (Fig. 4b). Overall labeling density was 
higher in the caudate and putamen than in the 
nucleus afceumbens (Fig. 4a), in contrast to the 
relatively more homogeneous distribution of [ 3 H]CP- 
55,940 binding across the major striatal districts 
(Fig. 4c). The dorsornedial anterior thalamus and the 
hypothalamus also had significant, though low, levels 
of hybridization (Fig. 4b). 

Microscopic examination of emulsion-coated 
sections Showed details of the cellular labeling 
(hat prod (iced the overall patterns. In the caudate 
(Fig. 5a) and putamen, cells expressing the receptor 
transcript - were pale and medium sized, apparently 
belonging 1 exclusively to the class of medium-sued 
Striatal projection neuron. The labeling intensity per 
cell was rather uniform, though not all cells showed 
hybridization signal. Glial cells, defined by their small 
size and dark staining* did not have labeling. The 
pattern in the nucleus aecumbens was similar, but 
the level of expression per cell and the number of 
expressing' eel is were lower (Fig. 5b). Probe hybridiz- 
ation in the hypothalamus was restricted to pale- 
Staining neurons of various Sizes. Labeled cells were 
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Fig. 2. Autoradiography of [ J HJCP-55»940 binding in ihe hippocampal formation of normal (a) and AD 
(c) hrains- Nearby seetipns were silver stained to rcveill ncuritie plaques and neurofibrillary tangles in 
normal (b) and- AD (d) brains. The normal brain Is completely devoid of plaques and tangles, with silver 
deposition occurring only non- specifically in while matter areas.. The Nissl counlexstain sho\"S ihe dtftULlt 
gyrus granule cell layer in both brains. CAl and 3. fields 1 and 3 of Amnion's horn (Cornu Ammonisfc 
DC ML. dcntaic gyrus molecular layer: DH. denote hilus; Sub, subiculutn. Scale bar = 5 mm. 



homogeneously scattered among non-labclcd cells,, 
and each showed similar levels of sparse hybridiz- 
ation (Fig. 5c). An even distribution pattern was seen 
in the amygdala, but here cells showed great vari- 
ations in labeling intensity,, so that some ceils had 
high levels of mRNA expression (Fig. 5d). These 
could be seen even in the Rim images at low magnifi- 
cation (black dots tn the amygdala in Fig. 4b). 
Region^ that showed no hybridization signal included 
the lateral and caudal thalamus, globus paHidus and 
Substantia nigra (Fig. 4b, d and not shown). 

Hybridization of the hCNR ribonucleotide probe 
was found throughout the cerebral cortex, fn all areas 
examined, the most striking feature of the pattern was 
the presence of intensely expressing mRNA-positive 
cells scattered amongst a background of cells express- 
ing moderate to low levels of cahnabinoid receptor 
mRNA. The difference in signal level was so large 
that it could not be quantified. Even aj. short exposure 
times (but long enough to measure si gnat above 
background in the general population of expressing 
cells), both the film And the emulsion were saturated. 



making quantification impossible. U appeared by 
approximation that these cells showed hybridization 
intensity at [east three orders of magnitude greater 
than did their neighbors. Such cells were visible as 
prominent black spots on the film autoradiography 
(Figs 4, 7) and Could even be seen in emulsion-coated 
sections viewed with low-magnification bright-field 
Optics (Fig. 6a). 

Moderately and intensely mRNA-expressing cells 
formed laminar patterns of distribution throughout 
the neocortex. In the areas examined, the supra gran- 
ular layers concentrated the intensely expressing cells, 
arid mfragranular layers contained numerous moder- 
ately expressing cells (Figs 6. 7), The appearance 
of bilaminar labeling was the Consequence of rela- 
tively greater numbers of intensely expressing cells in 
layers I and IT. a trough of expression (other than 
scattered intensely labeled cells) in layer 1H. and 
a second peak of expressing cells in layers IV. V or 
VI. depending on the cortical area (Figs 6, 7), Gran- 
ular insular cortex, for instance, had a prominent 
second peak in layer IV (Fig. 6a, b), and primary 



\ 
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Fig 3 Higher magnification views of [ l H]CP-55.940 binding (a. c) and aiW*r siains (b, d) in the 
hippocampal formation of an A D brain. The view in a was magnified in c to show binding in Ihe subiculurn 
and den late gyrus molecular layer. The corresponding locations and magnifications are shown Tor The 
Section stained for plaques and' tangles (b. d). Relative positions can be determined by aligning blood 
vessels and patterns. Arrowheads point to corresponding bloOd vessels in a and c Scale bars = 2 mm 

(a, b); 1 mm (c, d). 



visual cortex bad a weak second peak in layer Vl 
(Fig. 7b). . 

At high magnification through the microscope, tbe 
- insular cortical cells expressing cannabinoid receptor 
mRNAs were varied (Fig. 6). The hybridization 
signal typically obliterated any information abouL the 
radiolabeled cell type underlying it. In layer I, rare 
cells with intense labeling seemed to be larger than 
another high-expressing cell type, which was quite 
sman (less than 7 fim diameter). In Tact, layer J, which 
is largely devoid of neurons, was the only site exam- 
ined where numerous small, sometimes darkly stain- 
ins cells had moderate or high levels of mRNA 
expression (Fig. 6c). It was concluded that these must 
be glial cells. Layer II contained a mixture of cejls 
expressing either moderate or intensely high levoU 
of mRNA (Fig- 6d). Most of these cells appeared to 
be neurons. Layer. Ill had the lowest level of signal 
(Fig. 6b). Layer IV had signal over the small, pale 
cells that correspond to the granule cells of that layer 
(Fig. 6e). Layer V had moderate and ratricr homo- 
geneous levels of labeling Over the majority of 



medium- size pale neurons, probably pyramidal cells 
(Fig. 60- Intensely labeled cells were very rare. Layer 
V! looked like layer V in this region of insular cortex, 
but with less labeling- 

The hippocampal formation had similar patterns 
of hCNfe hybridization signal. The intensely labeled 
culls were largely set apart from the moderately 
expressing cells, which were confined to the pyrami- 
dal cell layers of CA1-CA4 and the subiculum. Thus, 
intensely labeled cells were scattered throughout the 
stratum oriens, the dentate hilus, and the molecular 
layers of both Amnion's horn and the dentate gyrus 
( Fig. 8a^ b. e). The granule cells of the dentate gyrus had 
no tnRfiJA expression (Fig. 8e). The pyramidal cells of 
the CA fields arid subiculum were almost all labeled, 
and the labeling intensity, wrth some exceptions, was 
moderate (Fig. 8c). The entorhinal cortex showed a 
laminar distribution of labeling, with elevations in 
number^ of intensely and moderately expressing cells 
in both ' superficial and deep layers (Fig. 

Quantification of the hybridization signal showed 
great heterogeneity of level across brains. This 
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Fig- 4. Curmabirtoid receptor mRNA expression, marked by f^SJhCNR th situ hybridizaiion (a, b. d) and 
[ ? H]CP-55.940 binding (c) in eoronal sections of human brain. pSlhCNR hybridization in the striatum 
fa) can be compared with the distribution of pH]CF-5S,?40 binding in a nearby section (c). Hybridization 
patterns are also shown at the level of the globus pallidjis (b) and hippocampus (d). Amy. amygdala; C. 
caudate; Em, cntorhinal cortex: GP, globus paJlidus; HF, hlppocampal formation; Hy, neothalamus; ic, 
internal capsule; Ins, insula; P. putamen; Th. thalamus. Scale bar m 5 mm. 



heterogeneity did not fall into any grouping accord- 
ing to diagnosis or post monzm interval. However, 
levels of mRNA expression correlated with levels of 
receptor binding across the 13 brains examined. 
Within the hippocampaJ formation (cntorhinal cor- 
tex, subicutum, fields CAI and CA3, and the dentate 
nil us), the correlation between hybridization and 
binding densities was highly significant (*^=64, 
R =0.42, P < 0.00 1). The number of intensely ex- 
pressing hCNR mRNA-posiiive cells was counted 
and expressed per mm 3 in each area, and the corre- 
lation between numbers of high-expressing cells .and 



[ J H]CP-55,940 binding densities was even stronger 
(n =-64, R = 0.57. P< 0.0001) (Fig. 9). 

The hCNR mRNA hybridization densities in se- 
lected regions of the hippocampaJ formation, separ- 
ated according to diagnosis, are given in Table 3. No 
significant differences were found between normal 
control and AD brains, though jo all areas except 
Lbc entorhinal area the control values were higher. 
The largest difference in level of mRNA expression 
between AD and control brains was found in 
the caudate, but it was not statistically significant 
(Table 3). The numbers of intensely expressing hCNR 
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ttg_ 5. High-magnification photomicrographs of emulsion-coaled sections of caudate (a), aceumbeits (b), 
mediobasal hypothalamus (c) and amygdala (d) show ( J5 $]hCNR hybridization signal (dusters or«lver 
grains) overlying pale-slaining medium-sized and large neuron*. Scale bar»50^m. 



mRNA-positive cells did show significant differ- 
ences between control and AD brains in the CA1 T 
CA3 and dentate hilus regions, with the AD cell 
counts being less than hair the control counts 
(Table 4). An example of the density and pattern 
Of ["S]hCNR labeling in an AD brain is shown in 
Fig. 8d. 



DISCUSSION 

Cannabinoid receptor binding 

Cannabinoid receptor binding in AD and non- 
pathological human brains was qualitatively similar, 
though the AD brains tended to have reduced levels 
in most of the structures measured, With respect to 
other cortical regions examined, pHlCP-55,940 bind- 
ing throughout the hippocampal formation showed 
the greatest reduction in AD compared to control 
brains. Specifically, the entorbinal cortex and dentate 
hilus had the largest reductions in receptor binding 
densities. The laci of statistical significance in the 



CA3 subfield is due to a variability in the densities in 
the AD group. This variability is consistent with the 
observation that the CA3 subfield often Shows less 
pathology than the CA1 subfield; the entorhinal 
cortex, subiculum and CA1 are the areas primarily 
targeted) in AD/* This was also apparent in our 
silver-stained material (Figs 2, 3). 

Other quantitative autoradiography studies of re- 
ceptor distributions in the hippocampus of AD brains 
have shown a variety of alterations in binding. In the 
cholinergic system, small reductions in muscarinic 
binding occur in association with significant cell 
loss. 23 -"-* 1 '" Similar findings of small reductions ifl 
AD hippocampi have been made in the glutamate 
system tor binding to the //.methyl-D-aspartate 1 *- 23 *" 
and quisqualate sites."- 45 Significant decreases in both 
types oCGABA receptors have been noted in the CAl 
and dentate gyrus. 7 In the catecholamine systems, 
increased in 0- adrenoceptors 5 * and decreases in D| 
dopamine receptors have been noted.* Binding to 
serotonCn 2 receptors was found to be unaltered' 2 or 
decreased in the CAl subfield." 
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Fig. 6. The pa Item of cannabinoid reeepior noRNA expression in neocortex is represented in these low- 
and high-magnification photomicrographs of the granular insular cortex ai the level of the globus pallid us. 
erighi-field (a) and dark-field (b)T views of the medial wall or insular cortex show the ("SJhCNR 
hybrid izaiion signal concentrated In the layers shown. The extremely high-expressing cells can be seen even 
in the bright-ncld view, and several are marked by aifrows. Examples of labeling at high magnification 
are shown for layers I <c). Tl (d). IV (e) and V (f). Scale bars -0.5 mm (a); 50^m (c). 
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Ra. 7. Cannabinoid receptor mRNA expression in Lhe oecipftal lobe is seen m a horizontal section u> 
mat contains the calcarfne Assure and primary Visual cortex area 1 7 (enow) Ahigher inafinS fica tl (M vie* 
of the film image (b) is taken from the point marked by the arrow m a. Scale bars « 5 mm (a); I mm (t»- 



Cannabifloid receptor binding in several basal 
ganglia structures was selectively reduced in AD 
brains relative to control (Table 2). A number of 
neurotransmitter alterations has been reported in the 
basal ganglia or AD brains. 3 **'" One study found a 
four-fold greater incidence of extrapyramidal signs 
and substantia nigra neuropathology in an AD 
patient population than in a non-AD Parkinson's 
population of comparable age.* 

Cannabinoid receptor losses were also noted in 
the target zones of striatal crTercnts. i.e. the globus 
pallldus and substantia nigra. These receptors reside 
on the axons and terminals of striatal projection 
neurons- 27 The greater density of cannabinoid recep- 
tors in the GPi than in the OPe supports the involve- 
ment orcannabinoids in the motor functions or the 
striatum.* The selective losses in the GPi and substan- 
tia nigra pars reticulata relative to the GPc suggest 
another distinction, namely predominance of losses 
in the D, over D 2 dopamine receptor-containing 
striatal neurons* because D 4 receptors are localized 
more on nigral/GPi-projccting neurons, whereas D, 
receptors are expressed more on GPe-p rejecting neur- 
ons. lK In addition, the selectivity suggests greater 



losses of receptors on GAB A/substance P-coniaining 
neurons lhan on GABA/enkephalin-containing ncur- 



Ons.— 

It is also noteworthy that cannabinoid receptor 
binding reductions were significant In the GPi and 
not in me GPc (Table 2). In Huntington's disease, the 
receptor losses are greater in the CPe than in the 
GPi. 45 -suggesting an important pathological differ- 
ence between Huntington's disease and AD. 

Finally, we speculate that the large decrease (49%) 
in receptor binding in the caudate in AD brains may 
be related to the profound loss or limbic cortical and 
hippocampal inputs to this region. 1 * Whether this 
reflects loss of receptors on conical axons or a 
trans-Synaptic effect would be further speculation. It 
is noteworthy that the largest reduction in can- 
nabinoid receptor mRNA expression level In the AD 
group compared to control was measured in the 
caudate (Table 3), though the difference was not 
significant because of the large variability. 

Cannabinoid receptor binding was also reduced in 
the two alcoholic brains and in the brains showing 
Other forms of neuropathology (Table 2). Cerebral 
white matter undergoes significant atrophy in the 
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Fi$. 8. Cannabinoid reccptormRNA expression in the hjppgcampal formation of normal (a-C, e, f) and 
AJzhcimer's brain (d) is revealed at several magnifies LioAs* The patterns of p J S3hCNR hybridization arc 
described hi the itxi. The level of the pes hippocampi is shown in film images in a and d, CA [ is shown 
in photomicrographs of emulsion-coaled sections in b and c, dentate gyrus 15 shown in dark-field 
OJumina lion of emulsion-coated section in e {arrows point to the granule cell layer, which is unlabeled; 
the dentate hUus & dp and the dentate molecular layer & down), and the eniorhinal cortex appears in a 
film image in f (the cortical surface is down). Scale bars = 2 mm (a); 0-5 mm (b); 50 pm (c); I mm (f). 
Magnifications are the same In a and d and in b and e. 



brains of both chronic alcoholics and AD patients, 11 
suggesting a concomitant loss of cortical neurons. 
There is an overall reduction in cortical cannabinoid 
receptor binding in both group?, but the loss in the 
ncocortical areas (insular and medial temporal) is 
greater in the alcoholic than AD brains (Table 2). 
There were too few brains in the other categories of 



pathology to allow speculation, but it is noteworthy 
that the brain with the most severe pathology had the 
least amount of cannabinoid receptor binding. 

Given the overall losses in f H}CP~55,940 binding 
in brains with diverse forms of atrophy, cannabinoid 
receptor binding may be a fairly consistent and 
general correlate of neuropathology involving 
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Cannabinoid receptor mRNA 

Localization of cannabinoid receptor mRNA using 
the hCNk ribonucleotide probe for the human tran- 
script repealed a pattern of mRNA distribution that 
is very similar to the pattern seen in Lhe rat.*** The 
present data greatly extend and clarify in situ hybrid- . 
ization data acquired in human brain usmg an 
oligonucleotide probe. 17 The similarity of mRNA 
distribution patterns between rat and human is re- 
ma/kahl^ reminiscent of the similarities of receptor 
binding patterns across the many mammalian species 
examined, including rat and human. 29 Finally, the 
pattern similarity and positive quantitative corre- 
lation of density levels between cannabinoid receptor 
mRNA and receptor binding in the human supports 
the hypothesis that the CNS cannabinoid receptor is 
a single type and derives from a single gene. Other 
than the. recent discovery of a novel cannabinoid 
receptor *»ene that is expressed in immune tissue but 
not In Ijrain/ 2 attempts to clone additional can- 
nabinoid' receptor genes by both low-stringency hy- 
bridization and polymerase chain reaction techniques 
have been unsuccessful to date (Lautcns L. L., Song 
Z.-H. anti Bonner T. I_, unpublished observations). 

The grfeat preponderance of cannabinoid receptor 
mRNA expression is in the forebratn. The cells that 
express receptor mRNA appear to be neurons in all 
locations examined except in neocortical layer I, 
which is almost devoid of neurons. Thus, the numer- 
ous small cells in layer I that have moderate and 
occasionally extremely high levels of mRNA are 
likely to foe glia. The occasional resident neuron in 



Table 3. Cannabinoid receptor mRNA densities in the structures listed, grouped according to 
diagnosis 

Control AO ElOH PSS FD AD/MJD/FD 

Brain region (/i ^3) (/t = 5) (*=2) (n - 1) <n= 1) (» = I) 



Entorhinal Cx 


240 ±01 


290±50 


205 


.270 


293 


213 


Subiculum 


400 ± 150 


310 + 80 


230 


340 


318 


163 


CAI 


670 ±390 


400 ±260 


358 


399 


396 


211 


CA3 


960 ±540 


600 ±600 


421 


555 


677 


265 


DH 


' 400 + 90 


300+ 160 


196 


295 


343 


175 


Putacneti 


370 ± 120 


270 ± 160 


254 


.513 


207 


SO 


Caudate 


420 ±220 


200 ± 130 


220 


202 


191 




Insular Cx 


310 ±60 


280 ±50 


225 


•400 


312 


99 


Temporal Cx 


330 ±70 


240±60 


205 


,215 


IS2 


59 



Values are d.p.m.ymg and, where applicable. ± S.D. No differences were significant. Abbrevi- 



ations as in Table 2. 



Table 4. Counts of cells expressing extremely high levels of cannabinoid receptor mRNA in the 
structures listed, grouped according; to diagnosis 





Control 


AD 


EtOH 


PSS 


FD 


AD/MID/FD 


Brain region 


(" = 3) 


C*=5) 


Cfl-2) 


(»«1) 


(/* = !) 


<» = !) 


Entorhinal Cx 


1.9 ±0.1 


1-6 ± 1.5 


1.02 


•U2 


23.1 


0 


Subiculum 


2.6 + 0.3 


l.4± 1.0 


1.32 


S.59 


3.78 


0 


CAI 


5-5±2_2 


2.0 ± 1.1** 


2.15 


1.95 


1.98 


0 


CA3 


4.8 ± 1.6 


2.1 ± M* 


139 


3.51 


3-74 


0.18 


DH 


4.7 ± 2.S 


1.2 ± 0.7* 


0.50 


i89 


2.07 


0.56 



Values are mean counts per sq mm + S.D. (where applicable). *i» <0.05 and **P<0,01: 
Significant difference Compared to Control. Abbreviations a$ in Table 2. 
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Fig. 9. Correlation of cannabinoid receptor binding den- 
sities and numbers of cells expressing hiifh levels of hCNR 
hybridization »s shown for all subjects {n - 13) In the five 
hippocampal regions measured. The regression line is for all 
the data pooled. The correlation issienincanl at P < 0.0001. 



neuronal cell loss. In the AD brains, the areas and 
layers in which plaques and tangles were selectively 
localized did not Show regionally selective receptor 
losses in those same districts. At least two other 
studies have found that receptor binding levels corre- 
late with cell density and not with plaque and tangle 
density. 3 * 44 In the present study, the degree of re- 
duction in receptor binding did not closely correlate 
with the density of plaques and tangles ranked across 
the five brains. Thus, neither location nor density of 
plaques and tangles was a correlate of altered can- 
nabinoid binding in AD brains. 
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layer I, ihe horizontal cell of Cajal, is a likely 
candidate for the occasional medium-sized neuron 
that has high mRNA levels. Elsewhere in ihe neo- 
cortex, the cells expressing cannabinoid receptor 
mRNA appear to be pale staining and medium sized, 
suggesting that they are neurons, both of the pyrami- 
dal and non-pyramidal types. Cannabinoid receptor 
mRNA expression in the subcortical structures exam- 
ined appears to be exclusively neuronal, as deter- 
mined from high magnification analysis (Fig. 5). 
These cells transcribe mRNA for receptor synthesis 
and deposition on local processes and axon's in the 
well-described projection zones. Thus, as has been 
documented for the rat 27 and humanj 0 -* 5 pallidal 
and nigral receptor binding resides on the axons of 
striatal projection neurons. Likewise, the sparse 
binding seen in the thalamus (Fig, lb, c) may reside 
on axons of mRNA-posUive cells in layer VI of the 
neocortex, because most areas of the thalamus do 
not appear to express cannabinoid .receptor mRNA 
(Fig. 4b, d). Hypothalamic and amygdaloid binding, 
on the other hand, can be best attributed to receptor 
synthesis in resident neurons, which arc shown to 
have low to moderate levels of mRNA expression 
(Fig. 5b, d>. 

The locations and densities of cannabinoid recep- 
tor binding correlate well with those of mRNA 
expression , in the neocortex. Both binding and ex- 
pression are fairly homogeneously distributed 
across cortical areas, and peaks or both are 
typically observed in superficial and deep layers. . 
In the striatum, the disparity of mRNA levels 
between the caudate and putamen on the one hand 
and the nucleus accumbens on the other docs not 
have a clear correlate in binding, which is rather 
homogeneous across the striatal districts (Fig. 4a, b). 
However, the mRNA gradient does comport with 
the binding gradient seen in the rat, 2 * suggesting that 
the apparent Species difference in binding is not 
so pronounced. 

Only the cortex, and to lesser extent the amygdala, 
contains scattered cells with the characteristic ex- 
tremely high expression levels, which are estimated to 
be at least three orders of magnitude greater than the 
neighboring mRNA-positivc cells. It is impossible to 
determine what component and percentage or the 
receptor distribution pattern is derived from protein 
translated from these abundant transcripts. One due 
comes from the hippocampus, where the dentate 
gyrus molecular layer has a high level of receptor 
binding thai does not reside on granule cell dendrites' 
in that layer because there is no mRNA expression in 
granule cells. Likely sources of the binding are the 
scattered extremely high-expressing cells residing in 
the molecular layer and dentate hiius, which would 
send processes, both dendrites and axons, diffusely 
into ihe molecular layer. Other candidates for 
sources of the binding are axons of extrinsic neurons, 
but these have laminar domains of termination 
rendering them unlikely sources. Tn the present 



study, the declines in receptor binding in the dentate 
hiius and molecular layer (Table 2) correlate with 
disappearance of the high-expressing cells (Tabic 4), 
supporting the possibility that these cells may be 
the major source of the binding throughout the 
dentate gyrus. 

: Dcnsilomctric analysis of cannabinoid receptor 
rrfRNA levels in specific brain regions showed 
marked variations in levels between brains. Conse- 
quently, none of the differences between the average 
densities of AD and control brains" was significant 
(table 3). The lack of difference for the structures 
examined suggests that receptor binding losses 
on axons and terminals of striatal • and hippo- 
cam pal neurons occur without changes lii mRNA 
expression levels in the parent cell bodies and without 
sijjniecani losses of the moderately expressing cells 
themselves! 



SUMMARY AND CONCISIONS 

In several hippocampal and basal ganglia struc- 
tures, cannabinoid receptor densities were reduced in 
A(D patients compared to aged normal brains. These 
reductions do not appear to be associated with the 
neuronal plaques and tangles which characterize AD. 
Therefore, decreased receptor densities may be due to 
other degenerative mechanisms. The decreased bind- 
ing may reflect neuronal cell loss or receptor down- 
regulation. This latter explanation is difficult to 
evaluate because the overall levels of receptor mRNA 
varied greatly between brains. However, the re- 
ductions In cannabinoid receptors in the dentate 
gyrus may be due to the loss of intemeurons that 
express extremely high levels of cannabinoid receptor 
mKNA. 

It is possible thai the mechanisms responsible 
far producing acute cognitive and memory deficits 
experienced by users of marijuana involve hippo- 
campai neurons that degenerate in AD, This specu- 
lation paradoxically suggests that a decrease in 
cafnnabinoid receptor densities may exacerbate the 
cognitive and memory deficits that plague AD 
patients. The nature of the Consequences of reduced 
cannabinoid receptor densities and the possibility 
of compensatory Increases in levels of endogenous 
cahnabinoids in AD patient brains should be ex- 
plored before speculating further on the significance 
of 5 these findings. 
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Abstract 

Mammalian Tissues contain as least woo cypcs of amnaSinoid receptor, CBj, found moody on neurones and 
CB 2 , found mainly in unman* tells. Endogenous ligands for these receptors have also been identified These 
*endocannabinoids" and their receptors constitute the ^endogenous carmabinoid system**. Two cannabinoid 
receptor agonists, ^-tetrahydrocannabinol and nabUone, [are used clinically as anti-emetics or to boost appetite. 
Additional therapeutic uses of cannabinoids may inchidd the suppression of some multiple sclerosis and spinal 
injury symptoms, the management of pain, bronchial asthma and glaucoma* and the prevention of 
neurotoxicity. There are also potential clinical applications for CB I receptor antagonists, m the management of 
acuta schizophrenia and cogmdveJmemory dysfunctions and as appetite suppressants. Future research is likely 
to be directed at ckaracterising the endogenous carmdbmoid system more completely, at obtaining more 
conclusive clinical data about cannabinoids unth regard 1 to bath beneficial and adverse effects, at developing 
improved cannabinoid fbrmulauons and modes of administration for use in the clinic and as devising clinical 
strategies for separating out the wughxroftcr effects of CB, } receptor agonists from their psychotropic and other 
unwanted effects. 



The plant Cannabis sasiva is the source of a set of 
more than 60 oxygen-conttunfng aromatic hydro- 
carbon compounds called cannabinoids. One of 
these, A D -terrahydrocannabinol (A'-THC)* is 
responsible for most of the psychotropic proper- 
ties of cannabis. 1 Ic is also of interest because it is 
one of just two cannabinoids to be licensed for 
medical use. Thus A 9 -THC, as the oral prepara- 
tion dronabinol (Marinol), is available in the 
United States for the suppression of nausea and 
vomiting provoked by anticancer drugs and for 
the reversal, through appetite stimulation, of 



body weight loss experienced by AIDS patients. 
The other cannabinoid that it is permissible to 
lise clinically is nabilone (Cesatnet), a synthetic 
analogue of A 9 -THC mat is also by rooum- 
This compound is licensed for use in the United 
Kingdom, again to suppress nausea and vomiting 
produced by cancer chemotherapy. Because psy- 
chotropic cannabinoids have high lipid solubility 
and low water solubility they were long thought to 
owe their pharmacological properties to an ability 
ijO perturb the phospholipid constituents of bio- 
logical membranes. 1 However, all this changed 
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with the discovery, in the late 1980s, of specific 
cannabinoid receptors. 

There are at least two types of" cannabinoid 
receptor: CB X and CB Z *' 3 Both ate coupled 
through or G 0 proteins, negatively to adenylate 
cyclase and positively to rairogen-activated prcf- 
tein kinase. In addition, CB X receptors a* 
thought to be coupled negatively to N- and P/Q- 
rype calcium channels and positively to A-typS 
and inwardly rectifying potassium channels, again 
through Gi or <3 0 proteins. 2 Under certain condi- 
tions, CBi receptors may also act through G t 
proteins to activate adenylate cyclase. Moije 
speculatively, CB 2 receptors may mobiUze arachi- 
donic acid and close S-HT* receptor ion chan- 
nels. 2 Cannabinoids can also close sodium chan- 
nels but the question of whether this effect is 
receptor-mediated has still to be addressed. 2 CB t 
and CBj receptors have both been cloned, itfa 
predicted amino add sequences of these t^ 
receptor types showing a similarity of abour 44#> 
(35% to 82% within the individual transmem- 
brane domains)- 5 CBi and CB 2 receptors also 
differ in their distribution pattern. CB l receptors 
are found mainly on neurones in the brain* Spinal 
cord and peripheral nervous system 2 where ihfiy 
jtthibrl neurotransmitter release when activated. 
Thus results from in vivo experiments indicate 
that CBi receptors mediate inhibition of acet- 
ylcholine release in rat medial-prefrontal cerebral 
cortex and bippoearnpus. 6 '* There is also evi- 
dence for C3i receptor-mediated inhibition of 
the release of (a) acetylcholine from rat hippo- 
campal slices, guinea-pig small intesone and 
mouse bladder, (b) glutamaie from rat hippo- 
campal cultured neurones, (c) r^nunoburync 
acid from slices of rat substantia nigra arid 
striatum, (d) ATP from mouse vas deferens, 5(e) 
dopamine from guinea-pig retinal discs and Tat 
striatal slices and (f) noradrenaline from guinfca- 
pig retinal discs, from slices of guinea-pig and 
human hippocampus, from guinea-pig cerebral 
cortical, cerebellar and hypothalamic slices and 
from rat heart, mouse urinary bladder and mouse 
vas deferens. 2 * 3 ' 6 - 14 The distribution of CB t 
receptors within the CNS is consistent with [the 
ability of psychotropic cannabinoids to imp*** 
cognition and memory and to alter the control of 
motor function and the perception of pain. Thus 
the cerebral cortex, hippocampus, caudate-pmta- 
roen, substantia nigra pars reticulata, globus 
paliidus, entopeduncular nucleus, cerebelHim, 
central grey substance and dorsal horn of 'the 



spinal cord all contain significant numbers of 
CBi receptors. 2 * 3 In contrast, CB 2 receptors 
occur mainly in immune cells where they may 
mediate an immunosuppressant effect- 

The realization that psychotropic cannabi- 
noids act through receptors was followed by the 
demonstration, in 1992, mat rnarnmaKan tissues 
can also produce agonists for these receptors. 
The most important of these "endocannabi- 
noids" are aracmdonoylcmgnolarnide (ananda- 
mide) and 2-arachidonoyl ^ycerol. 2 ' 3 Consistent 
with the hypothesis that both these compounds 
serve as neuromodulators or neurOtransmitrers 
is evidence mat they arc synthesized within 
neurones, that they can undergo dcpolarizauon- 
dependent release from neurones and that once 
released they are rapidly removed from the 
extracellular space. 3 " 15 " 17 For anandamide, such 
removal seems to depend on a carrier-mediated, 
saturable uptake process that is foUowed, within 
the cell, by hydrolysis to arachidoxiic acid and 
ethanolamine^ 5 - 18 - 19 This hydrolysis is catalysed 
by a microsomal enzyme, fatty acid amide 
hydrolase, 3 ' 19 " 22 which also catalyses the hydrol- 
ysis of 2-araehidonoyl glycerol. 17 ' 19 ' 2 * The pres- 
ence of an uptake process for 2-arachidonoyl 
glycerol in neurones remains to be established. 
These findings have sparked interest in the 
development of drugs that selectively inhibit 
the tissue uptake or metabolism of endocan- 
nabinoids. One pt*mtising compound is 
iV-(4^hydroxyphenyl) axachidonylamide (AM404). 
This has been reported to inhibit anandamide 
accumulation in rat neurones and astrocytes in 
vitro without also activating CB, receptors or 
inhibiting anandamide hydrolysis, and to 
enhance cacnabimimedc effects of anandamide 
both m vitro and wi wa 24 Cannabinoid CBi 
and CB 2 receptors and endoeannabinoids 
together constitute the "endogenous cannabi- 
noid system". 

The discovery of cannabinoid receptors has 
prompted the development of selective CB, and 
CB 2 receptor agonists and antagonists 2 * 3 ' (see 
also references inlable I). Selective receptor 
antagonists include SR141716A and the less 
potent LY320l35. 2 ^ a5 ** 6 The most important 
CBa receptor antagonist to have been developed 
is SR144528. 37 . This is highly potent, its affinity 
for CB 2 receptors matching that of SR141716A 
for CB, receptors. When administered by itself, 
SR141716A produces effects in some biological 
systems that are opposite in direction to those 
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produced by cannabinoid receptor agonists. 2 
These, presumably, are biological systems in 
which the endogenous cannabinoid system is 
tonically active. Such activity may reflect ongoing 
release of endocannabinoids and/or the presence 
of conStitutively active cannabinoid receptors^ 
there being evidence that SR141716A is not a 
pure antagonist buc rather an inverse agonist. 38,39 
The CB 2 -seIectivc ligand, SRI 44528, may also 
be an inverse agonist. 37 Agonists with the greatest 
selectivity for CB X receptors are 0-689, 0-585 
and methanandamide 3 * 34 (Table 1) while impor- 
tant CB2-6elective agonists include L759633 and 
L759656 2,25,33 (Table 1). Of the three cannabi- 
noid receptor agonists that are most commonly 
used as pharmacological tools, (+)-W!N55212, 
shows some degree of CB 4 selectivity whereas 
CP55940 and A 9 -THC bind equally well to CB, 
and CB 2 receptors (Table 1). Of these, A 9 -THC 
has the least efficacy, particularly at CB* recep- 
tors. 3 ' 35,40,41 Anandamide also appears to have 
less efficacy « than at CBj receptors.** 3 On 
the Other hand; the dimethylheptyl derivative of 
D B -THC-ll-oic acid (CT3) seems to have 
greater efficacy at CB 2 than at CB X receptors, as 
measured by cannabinoid receptor-mediated 
inhibition of adenylate cyclase in cultured cells,* 5 
even though it has greater affinity for CBi than 
CB 2 receptors (Table 1). It remains to be 
established whether CT3 acts on CB 2 receptors 
to produce its anti-inflammatory and antinoci- 
ceptive effects- 35 '* 2 

One endogenous fatty acid amide whose phar- 
macological status as a cannabinoid receptor 
ligand remains to be established is palmitoyletha- 
nolamidc, Showalter et a£ 34 have found that mis 
compound has litde affinity fox cloned human 
CB 3 receptors and it has also been reported not 
to bind to CBj receptors. 43 On the other hand, 
Facci etoL* 4 have reported that palmitoylemano- 
lamide inhibits 5-HT release from a cell line 
known to express CB 2 receptors (RBL-2M3 
cells), and that it readily displaces 
pH]( + )-WIN55212 fr° m specific binding sites 
on membranes from these cells. More recently, 
Calignano et a/. 45 found that when palmitoylcths- 
nolamide was injected into the hind paws of mice, 
it suppressed behavioural signs of hyperalgesia 
induced by inrraplantar injection of dilute forma- 
lin and that this antinociceptive effect of palmi- 
toylethanolamide could be readily blocked by the 
CB 2 antagonist, SR144528, but not by the CB l 
antagonist, SR141716A. Taken together, these 



findings suggest that palmitoylcmanolamide may 
serve as an agonist for a lt CB 2 -lifce" receptor. 

The discovery of the endogenous cannabinoid 
! system has been parallelled by a growing interest 
on the possibility that cannabinoid receptor 
ftigands may have therapeutic applications in 
•addition to those of anti-emesis and appetite 
Stimulation (see above). In particular, CBi recep- 
tor antagonists could prove to he of value as 
appetite suppressants, in the management of 
.'acute schizophrenia and/or for ameliorating cog- 
nitive/memory dy&functions associated with dis- . 
'orders such as Alzheimer's disease. 23 ' 46-48 As 
'detailed elsewhere, there id also evidence that 
'.CBi receptor agonists have potential for the 
management of glaucoma, bronchial asthma and 
•pain and for the suppression of muscle spasticity/ 
f spasm associated with conditions such as multi- 
ple sclerosis or spinal cord injury. 49 * 50 For several 
*of the potential clinical applications of CBi 
receptor agonists, including their possible use 
•against muscle spastidty/spasm and chronic pain, 
.the evidence is already sufficient to warrant the 
: setting-up of clinical trials that will test cannabi- 
'noid efficacy both objectively and conclu- 
sively. 49 * 50 An answer to the question of whether 
*drugs that activate or block CB 3 receptors have 
therapeutic potential, for example as anti-inflam- 
matory agents or irnmunomodulators, must await 
a more complete characterization of this compo- 
nent of the endogenous cannabinoid systeto- 

Not all effects of cannnhinoids are mediated by 
receptors and some of these may also have clinical 
applications. Of particular importance is evi- 
b deuce from whole animal and tissue experiments 
'that the psychotropic ally inactive cannabinoid, 
' ( + )-l 1 -hydroxy- A 8 -THC-dimethyI-heptyl (HXJ- 
'211, dexanabinol) is effective against neuropathic 
.pain, 51 optic nerve neuropathies, 52 tumour 
necrosis fector-a-mediatcd septic shock 33 and 
neurotoxicity induced by glutamate, NMDA or 
: quisqualate 54 ' 55 and that it protects from neu- 
rotoxic changes in the brain arising from ischae- 
mia, 56 * 57 closed head injury 58 ' 59 or pneumococcal 
; meningitis. 60 These neuroprotective effects are 
not cannabinoid receptor-mediated as HU-21 1 is 
•not a ligand for these receptors. Instead, they 
•may depend on an ability of HU-211 to act as 
a non-competitive NMDA receptor antago- 
nist, 54 * 55 * 61 * 62 as a scavenger of oxygen-derived 
free radicals 59 and/or as an inhibitor of depolar- 
ization-evoked calcium fluxes 39 or of tumour 
necrosis factor-a production. 53 
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In view of die neuroprotective properties of 
HU-211, it is noteworthy that Hampson et al^ 
have reported that A 9 -THC and the non-psycho- 
tropic plant cannabinoid, cannabidiol 3 are also 
neuroprotective, as measured by prevention of 
neurotoxicity induced in cortical neurones by 
reactive oxygen species of by glutamatc (through 
NMDA/AMPA/kainatc receptors). The effects of 
A 9 -THC and cannabidiol on glutamate-induced 
neurotoxicity observed in these experiments did 
not appear to be CBi receptor-mediated as they 
were not prevented by the CBi receptor antago- 
nist* SR141716A* In an eadier investigation, 
Skaper « oi 64 reported that the cannabinoid 
receptor agonists, A 8 -THC, ( + )-WIN55212 and 
nab il one, protect against ghitam ate-induced neu- 
rotoxicity in cerebellar grannie neurones, 64 How- 
ever, in that investigation cannabidiol was found 
to be inactive at concentrations of up to 100 jxM, 
as was anandamide, whereas palmitoylethanola- 
mide (see above) did protect from glutamate- 
induced neurotoxicity- More reccndy 5 Shen or 
Thayer 65 obtained evidence thai CP 5 5940 and 
( + >-WIN55212 can act through CBj receptors 
to prevent neurotoxicity by inhibiting ghitamate 
release from hippocampal neurones. However, 
neither of these cannabinoid receptor agonists 
was found to be effective against neurotoxicity 
induced in these neurones by exogenously 
applied glutamate. Evidence also exists that 
A 9 -THC can act through CB, receptors m 
hippocampal neurones to produce signs of apop- 
tosis in these cells, possibly through the release of 
arachidonic acid which then acts as a source of 
free radicals, 66 Similarly, Sanchez et aL* 7 have 
reported that A 9 -THC can induce apoptosia in 
C6.9 gHoma cells, albeit through a CBi receptor- 
independent mechanism. 

like most drugs, cannabinoids have adverse 
effects. 49,68 These include some of the changes in 
perception, mood, emotion and cognition that 
together constitute the psychotropic effects of 
cannabis and CBj receptor agonists, 66 ' 69 More 
specifically, after cannabis has been taken there 
are reports that colours seem brighter and music 
more pleasant and mat "felt time" passes more 
slowly than "clock time 4 '. Effects on mood and 
emotion vary. Usually there is some euphoria. 
However, sometimes, particularly in the inexperi- 
enced, mood may be unaffected or there may be 
dysphoria or anxiety. More serious adverse psy- 
chopharmacological responses can also occur, for 
example, panic reactions and psychoses, 68 ' 70 ' 71 



rind it would be unwise to give psychotropic 
cannabinoid s to patients with schizophrenia 
Qovert or latent). Signs of cannabinoid-induccd 
changes in cognitive function include difficulty in 
concentrating and thinking, and impairment of 
memory. 69 ' 72 Associated with the psychotropic 
effects of cannabinoids are reductions in psycho- 
motor coordination and performance and chan- 
ges in autonomic, endocrine and reproductive 
function-* 6 '* 9 ' 73 ' 74 The most prominent auto- 
nomic changes are cardiovascular, particularly 
tachycardia, postural hypotension and supine 
hypertension. 68,7 5 Consequently, patients with 
coronary arteriosclerosis or congestive heart fail- 
ure should not take psychotropic cannabinoids. 

Withdrawal of cannabis or of psychotropic 
Cannabinoid administration can precipitate absti- 
nence signs in man. However, these signs are 
both transient a t?,^ mild and their significance 
when cannabinoids are used clinically remains to 
be established. 68,76-7 B It is noteworthy that more 
marked withdrawal signs can be precipitated in 
carmabinoid-pre-rreated animals by the CBi 
receptor antagonist,- SR141716A 79 -* 4 . Hie 
extent to which cannabinoid tolerance may pres- 
ent problems in the clinic has also still TO be 
determined. Thus, although it is known that 
tolerance to many of the pharmacological effects 
of cannabinoids can be induced in animals and 
man/*' 76-75 the extent to which tolerance devel- 
ops to the sought-after effects of cannabinoids 
when these are administered at therapeutic dose 
levels is not- The clinical significance of the ability 
of cannabinoids to retard fetal development and 
to induce fetal resorption in animals remains to 
be established. 68 Because of the tars produced 
during the combustion process, capnahiB smoke 
may be carcinogenic and can also injure the 
bronchial mucosa, decrease airway conductance 
and impair antibacterial activity of alveolar 
macrophages. w ' w 

A number of strategies can be envisaged for 
reducing or abotishing the psychotropic effects of 
cannabinoids without attenuating their clinically 
desirable effects. One of these is to adrninister an 
agonist (partial agonist) such as 6'-cyanohex- 
2'-yne-A a -THC^ that has high affinity for CBi 
receptors but a reduced ability (efficacy) to 
activate these receptors. The underlying assump- 
tion of this approach is that therapeutic effects of 
cannabinoids can be achieved with a lower CBj 
receptor occupancy than is required to produce 
the full range of cannabimimetic psychotropic 
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effects. This might be because neurones mediae 
ing therapeutic effects of cannabinoids express 
more CBj receptors or contain CBi receptor* 
that are more efficiently coupled to their effector 
systems than neurones mediating the psycho- 
tropic effects of cannabinoids- Whether this 
assumption is valid remains to be established: 
However, it is noteworthy that there are ahead? 
known to be significant regional variations withm 
me brain, both in the concentranon and in the 
coupling efficiency of cannabinoid recepr 
2,41*7.8* Moreover, multiple sclerosis 
patients sometimes claim that cannabis can 
relieve their symptoms at dose levels that do not 
induce a "high". Fcr some clinical applicauons it 
may be worm using the intrathecal mute, *hc# 
being evidence that intrathecal administration of 
CBi receptor agonists induces antinoacepnon in 
animals. 89 '* 0 This strategy is already sometimes 
adopted for baclofen, to reduce the incidence of 
its adverse effects in multiple sclerosis paoentaJC 
h proves that some therapeutic effects of carmatjt- 
noida are mediated by peripheral CB, receptors, 
« will also be worth designing cannabinoids that 
do not readily cross the blood-brain barrier Wit 
retain the ability to activate CBx receptors outside 
the central nervous system. Such effects may 
include analgesia, there being evidence from 
animal studies that cannabinoids can induce 
antinocicepnon by acting on CB, receptors not 
only within the CNS* 1 * 2 but also permheiv 
^45,93 Animal experiments have also shown 
that cannabinoids undergo synergistic interic- 
tions with opioids for the production of arm- 
nociception 94 ' 95 and with benzodiazepines ijor 
baclofen for inhibition of motor function. 
Wherher it would be of therapeutic advantage- to 
adrninister a cannabinoid in combination withjan 
opioid, a benzodiazepine or baclofen will depend 
on whether these agents interact synergisncally 
with cannabinoids in man for pain or ^ spasm/ 
spasticity relief and on the extent to which ^the 
unwanted effects of cannabinoids, opioids ben- 
zodiazepincs and/or baclofen are augmented after 
combined admimstrarion. Another ^ate^ for 
minimizing the unwanted central effects of< Can- 
nabinoids may be to develop drugs that acnyate 
the endogenous cannabinoid system indirectly by 
se;ecwrery mhmiting the tissue uptake or metabo- 
lism of endocannabinoids so as to increase their 
levels at cannabinoid receptors. These dmgs 
' should be more selective than direct agonists as 
they are unlikely to affect all parts of the 



endogenous cannabinoid system at one. tune, 
producing instead effects only at Sims where 
ongoing production of endogenous cannabinoids 
is talcing place. As the enzymic hydrolysis of 
endocannabinoids seemfl to occur intracellular!* 
uptake inhibitors such as AM404 (sec above) may 
have a greater impact on the concentranon of 
endocannabinoids at their receptors than mhlbi- 
tora of endocannabinoid metabolism. Finally, it 
may be worth searching for additional types or 
subtypes of CBj receptors as it remains possible 
that therapeutic effects of cannabinoids are medi- 
ated by a different CBj receptor subtype than 
their psychotropic effects. 96 

When taken orally, A 9 -THC seems to undergo 
variable absorption from the gasrromteWl tract 
and to have a narrow "therapeutic window". ■ 
This may account for anecdotal claims that 
cannabis is superior to a«-1rIC as a medicine as 
the comparison is usually between amofcedom- 
nabis (fast, reliable absorption) and oral A -THL 
(slower, less reliable absorption). It is also possi- 
ble that, in addition to A 9 -THC, there are other 
constituents of cannabis that contribute to its 
putative beneficial effects either directly or by 
modulating the effects of A 9 -THC. In line with 
mis possibuity, are reports that two non-psycho- 
tropic constituents of cannabis, carmabi^oland 
cannabichromene, can potentiate A -THU- 
LXced antinociception in mice. 1 * 0 ' 101 However, 
there is another report that cannabidiol attenu- 
ates A 9 -THC-induced antinociception in 
mice. 102 In human subjects, cannabidiol haaalso 
been found to attenuate some effects of A - i rtL, 
for example anriety. 103 - 104 Clearly it will be 
important to resolve the question of whether 
A 9 -THC is ever more effective as a medione or 
has fewer or less intense unwanted effects when 
administered with other cannabinoids m pre- 
determined proportions (e.g. as a preparation of 
cannabis) than when administered alone by the 
same route. , 

The evidence that &?-THC is not be well- 
absorbed when taken orally prompts a need to 
consider the development of addmonri formula- 
tions and modes of administration for this agent, 
possibilities including administration by rectal 
Suppository (as A'-THC 
ester) lW -' 07 by aerosol inhalation, 68 ' 108 1,0 by 
skin patch or by direct application to the eye (for 
glaJoma) or spiral cord (see above). Quite 
rishtiy, the pressure is now on to perform clinical 
trials both with individual cannabinoids such as 
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A 9 -THC and with cannabis. However, given the 
likelihood of variable absorption of A 9 -THC from 
•the gastrointestinal tract? there is a risk that trials 
performed before the development .of improved 
formulations and modes of administration using 
the oral route, may underestimate the therapeutic 
potential of cannabinoids by failing to detect 
adequate efficacy in enough patients or by indi- 
cating an occurrence of unacceptable side effects 
in too many patients. It would be sad, indeed, if 
cannabinoids were to be rejected as medicines, 
not because mey possess serious pharmacological 
deficiencies, but rather because they had been 
rested using an inappropriate mode of 
admmistration. 
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The effects of the synthetic cannabinoid receptor 
agonist WIN 55,212-2 on dopamine receptor-mediated 
alleviation of akinesia were evaluated in the reserpine* 
treated rat model of parkinsonism* The dopamine Dfc 
receptor agonist quinpirole (0*1 mg/kg, xp) caused a 
significant alleviation of the akinesia* This effect was 
significantly reduced by co injection with the cannabi- 
noid receptor agonist WIN 55*212-2 (0.1 and 0.3 mg/kg). 
The simultaneous administration of the cannabinoid 
receptor anta gonis t SR 14171 6A (3 mg/kg, ip) with 
quinpirole and WIN 55,2 12-2 blocked the effect of WIN 
£5,212-2 on quinpirole-mduced alleviation of nln'riggf^ 
The selective dopamine Di receptor agonist chloro- 
APB (SKF82958, 0.1 mg/kg) alleviated akinesia in a 
significant manner. WIN 55*212-2 (0.1-1 mg/kg, ip) did 
not affect the antiakinetic effect of chloro-APB. Com- 
bined injection of both Di and D a dopamine receptor 
agoniste (both at either 0.1 or 0.02 mg/kg) resulted in a 
marked synergism of the antiakinetic effect* WIN 
55*212-2 (0.1-1 mg/kg) significantly reduced the antiaki- 
netie effect of combined injections of quinpirole and 
chloro-APB at both 0.1 and 0.02 mg/kg. The effect of 0*3 
mg/kg WIN 55*212-2 on combined D 2 and D a aganist> 
induced locomotion (0.02 mg/kg) was blocked by SR 
141701A (3 mg/kg). Neither WIN 55*212-2 alone (0.1 and 
0JS mg/kg) nor SR 141716A (3 and SO mg/kg) alone had 
an antiparkinsonian effect. These results suggest that 
cannabinoids may modulate neurotransmission in the 
pathway linking the striatum indirectly to basal gan- 
glia outputs via the lateral globus pallidum and the 
subthalamic nucleus. 01997 



INTRODUCTION 

The presence of cannabinoid receptors in the basal 
ganglia (9, 10) has led to several investigations showing 
that cannabinoids modulate neurotransmission in the 
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basal ganglia and that such actions play a key role in 
the control of movement (17* 18, 22; for review see 7 and 
20). Cannabinoid receptors are found in especially high 
concentrations in both the lateral and the ™i>rKn1 
segments of the globus pallidus (GP1 and GPm) and the 
substantia nigra para reticulata (SNr) (10, 15), In these 
regions, cannabinoid receptors are localized, in part at 
least, on terminals of GABAergic inputs from the 
striatum (10). In GP1, cannabinoid receptor activation 
modulates GABAergic transmission by decreasing 
GABA ireuptake from the efferent striatal terminals 
(17, 18). Such an effect could account for the synergism 
between cannabinoids and GABA seen in the lateral 
globus 'pallidus (21). It is not currently known whether 
cannabinoids enhance GABA transmission in GPm and 
SNr hi a manner similar to that seen in GP1, but 
intranigral injections of the cannabinoid receptor ago- 
nist CP 55,940 suggest that a similar positive interac- 
tion does occur in these regions (24). 

GABA transmission in the globus pallidus is en- 
hanced' in Parkinson's disease (1, 16, 19), whereas 
GABA transmission in the SNr and GPm (entopeduncu* 
lar nucleus in the rodent) is decreased. Both these 
abnormalities in GABA transmission lead 1 to enhanced 
activity l of basal ganglia outputs from GPm/SNr to. motor 
thalamus and other ncmbasal ganglia-related motor re- 
gions. ATiti pg rTHnq/yni*m dopaminergic therapies act in th e 
striatum to reverse these abnormalities in GABAergic 
transmission. Stimulation of t\ receptors acts predomi- 
nantly on the "direct" connections between the striatum 
and GPm/SNr. D2 receptors are localized preferentially, . 
though not exclusively, an the striatal projection neurons 
that project to GP1 (see 13 for review). Striato-GPl 
projections influence basal ganglia outputs indirectly 
by GABAergic connections between GP1 and GPm/SNr 
(8) and GP1 and subthalamic nucleus (14) which in turn 
sends excitatory projections to GPm/SNr (27, 4). 

Recently, behavioral studies in the unilateral 
6-hych*oxydopamine-lesioned rat model of Parkinson's 
disease (2) suggested that cannabinoids can modulate 
Di dopamine receptor-mediated effects. However, given 
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that camiabinoidfi interact with dopamine uptake in 
the striatum (3, 12) it is not clear whether such effects 
reflect an interaction in the parkinsonian or the unle- 
sioned side of the brain. In this study, we investigated 
the effects of the synthetic cannabinoid WIN 55,212-2 
on the D r , Da-, or D^^mediated alleviation of akine- 
sia in the reserpine-treated rat model of parkinsonism. 

MATERIALS AND METHODS 

Male Sprague-Dawley rats (22O-320 g, Manchester 
University BSU) were housed under controlled condi- 
tions: temperature (19-21'C), humidity and light (12-h 
light:12-h dark regimen, 0800-2000). Pood and water 
were available ad libitum. Animals were injected with 
reserpine (3 mg/kg, sc) under light halothane anesthe- 
sia. After 18 h, a parkinsonian state characterized by 
rigidity, hunched posture, and akinesia was observed. 
Behavioral assessment was performed between 1000 
and 1300. Prior to testing, the animals were acclimated 
for 1 h to the room where the locomotion monitors were 
kept. The locomotion monitors (Activity Monitor AM 
1051, Linton Instruments, UK) consisted of an array of 
13 X 19 infrared light beams spaced every 2.5 cm. A 
count was registered when the animal broke an infra- 
red beam. Ambulatory locomotion was assessed by 
measuring the number of mobile counts, Le„ an inter- 
ruption of an infrared beam when the central position 
of the animal changed by more than two grids in anyl-c 
period, and was analyzed using the Amlogger software 
(Linton Instruments), The movement of animals was 
logged every 5 min, the total number of counts being 
the summation of all the mobile counts registered 
during the 5-min observation. 

Injections (ip) were administered at a volume of 1 
ml/kg body wt. Following injection of drug and/or 
vehicle the animals were placed in the locoinotion 
monitors and after a 5-min acclimatization period their 
activity was recorded for 1 h. All animals were injected 
only once with drugrVehicle. The cannabinoid receptor 
agonist WIN 55,212-2 (RBI. UK) and antagonist SR 
141716A (Sanofi Recherche, Prance) were dissolved in 
DMSO and then diluted with sterile water tel^e final 
concentration (maximal concentration of DMSO, 0.4%). 
The D, receptor agon^t qmnpm)le (BB^U^dAe 
D t receptor agonist CVAPB hydrobromide CSKF8295S 
RBI, UK) were dissolved in sterile water Statistical 
analysis was performed using a one-way AN OVA fol- 
lowed by a Tukey-Kramer past hoc test where appropri- 
ate. Significance was assumed when P < 0.05. 

RESULTS 

Effect of WIN 55,212-2 on ReserpineJnduced Akinesia 

WIN 55,212-2 (0.1 and 0.3 mg/kg) did not signifi- 
cantly affect the locomotion in reserpine-treated ani- 
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TABLE 1 

Effects of WIN 55.212-2 Administered Alone in 



Reserpine-Treated R^ts 







WIN 55,212-2, 


WIN 55,212-2, 


Noninflected 


Vehicle 


0-1 mg/kg 


0.3 XDgfcff 


MoWM counts 13 + 4 
n 18 


6.9 ± 2-2 
10 


14.1 ± 9.1 
11 


6 £2.7 
12 



Note. Reserpine (3 mg/kg, ec> was administered 18 h prior to 
behavioral assessment. No significant difference was observed be- 
tweenlthe r^erpine-treated finals that were injected with vehicle 
or WIN 55,212-2 and the reserpine-treated noninjected animals. The 
mobility of the animals expressed aa mobile counts ± SEM. 

mals; when compared with reserpine-treated animals 
either injected or noninjected with the vehicle CP > 0.05, 
ANtiVA,F 0.71, df - 50) (Table IX 

Effe$ of WIN 55,212-2 on Quinpirote-Indwed 
Alleviation of Akinesia 

The 1> Z receptor agonist quinpirole (0.1 mg/kg) caused 
a significant increase in locomotion when compared 
with the vehicle (391 ±54, a - 14, compared to 
6 9+ 2.2, n = 10, P < 0.001) (Fig. 1). Coadministration 
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Fife. 1 . Effect of the synthetic cannabinoid receptor agonist WIN 
56.212-2 »n Dj receptor agonist (qidnpirolaVmediated alleviation of 
akinesia in the reserpine-treated ret model of parinneonism. Raser- 
plneU^-n^T) wae administsred 18 h prior to behavioral 
aasesametrtTThe locomotion of the animals is expressed u raobde 
counts ± SEM. Quinpirole (0.1 mg/kg) aipificantly sJleviet^ the 
aESfesJawhen compared with vehicle injection <F< 0.001). Coadmfco- 
istretion with WIN 65,212-2 aldoses of 0.1 and 0.3 mgAg reduced the 
Ecomotor counts in a significant manner t— J» < 0.01 of vehicle 
£££ - 0.05 ef. qutopirole 0.1 mg/kg: -I > < 0.01 rf . W«* 
0.1 mg/kg). The c^nabinoid receptor antagon^SRI41716Abl<^ed 
Q* mhSitory effort obtained with 0.3 mg/ke WIN 55,212-2, Alone SR 
141710A (8 and 30 me/kg) did not causa any increase in the 
locomotion counts. Statistical analysis was performed using a iono- 
way tAHOVA followed by a Tukey-Kramer multiple comparison test- 
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of the cannahinoid receptor agonist WIN 55,212-2 with 
quinpiroie caused a significant decrease in quinpirole- 
induced locomotion CP < O.Ol, ANOVA, F = 31.55, 
rf/= 93). This effect was greater for 0,3 mg/kg (63.1% 
reduction) compared with 0.1 mg/kg (45.2% reduction) 
(Fig. 1). 

The reduction in quinpirole-induced locomotion seen 
with 0.3 mg/kg WIN" 55,212-2 was completely blocked 
by coinjection with the cannahinoid receptor antagonist 
SR 141716A (3 mg/kg) (P > 0.05). SR 141716A (3 and 
30 mg/kg) failed to affect locomotion (17 ± 6.6, re - 15 
and 49 ± 22.3, n = 11, respectively) on its own when 
compared to the vehicle-treated group CP > 0.05, 
ANOVA, F = 2.71, df m 35). The antiakinetic effect of 
quinpiroie (0.1 mg/kg) was time dependent (data not 
shown), resulting in a peak of locomotor activity at 20 
min. This effect gradually diminished and locomotion 
returned to preinjection levels of locomotion at the end 
of the 60 min. The profile of the time course of the 
antiakinetie effect of quinpiroie was restored and no 
significant difference was found between the antiaki- 
netic effect of quinpiroie (0.1 mg/kg) and of quinpiroie 
(0.1 mg/kg) with WIN 55,212-2 (0.3 mg/kg) and SR 
141716A<3 mg/kg) CP > .05, Student t test). 

Effect of WIN 55,212 on Cl-APB Induced Alleviation 
of Akinesia 

The Di agonist Cl-APB hydrobromide (0.1 mg/kg) 
caused a significant alleviation of the akinesia 
(259 ± 54, n - 15, P < 0.05) compared with the ve- 
hicle ► Unlike quinpiroie, this effect was not altered by 
coinjection with WIN 55,212-2 (0.1-1 mg/kg) (Fig. 2). 
No other obvious behavioral effect was observed in the 
presence of the cannahinoid receptor agonist WIN 
55,212-2 at doses from 0.1 to 1 mg/kg. 

Effect of 7 WIN 56,212-2 on D r and D 2 -Mediated 
Alleviation of Parkinsonism 

Combined injection of quinpiroie (0.1 mg/kg) and 
Cl-APB hydrobromide (0.1 mg/kg) resulted in a marked 
potentiation of the antiakinetic effect (8529 ± 866, 
7i = 18) compared to either alone (259 ± 54, n « 15, 
P < 0.001 for Cl-APB and 391 ± 54, n = 14, P < 0.001 
for quinpiroie). This stimulation of locomotion lasted 
for over 1 h and was characterized by pronounced 
hyperactive stereotyped behavior. WIN 55,212-2 (0.3 
and 1 mg/kg) reduced the hyperactive locomotion and 
behavior in a significant manner. WIN 55,212-2 (0.3 
mg/kg) reduced the mobile counts by 45.6% whereas 
WIN 55,212-2 (1 mg/kg) reduced mobile counts by 
83.2% (Fig. 3a). Combined injections of quinpiroie (0.02 
mg/kg) and Cl-APB hydrobromide (0.02 mg/kg) re- 
sulted in a significant alleviation of akinesia 
(1155 ± 343, n = 15). WIN 55,212-2 (0.1 and 0.3 mg/kg) 
decreased the antiakinetic effect of quinpiroie and 
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FIG. 2; Effect of the synthetic cannabinoid WIN 55,212-2 on the 
Di receptor agonist (Cl-APB hydrobromideVindueed alleviation of 
nkfoegjp }kk the reeerpine-trsated rat model of parkinsonism. Reeer- 
pine. (3 mg/kg f sc) was administered 16 h prior to behavioral 
assessment. The locomotion of the animals is expressed as mobile 
counts 2 SEM. Cl-APB (0.1 mg/kg) significantly alleviated the 
akinesia When compared to the vehicle group ( AM P < 0.001. ANOVA, 
Tukey-KramerX However, coinjection with WIN 55,212-2 (0.1-1 
mg/kg) dill not affect Cl-APB-indueed locomotion iP > 0.05 cf. Cl-APB 
alone). 



Cl-APB hydrobromide in a significant manner 
CP < 0.001, ANOVA, F = 49«6, df= 120). The effect of 
0.3 mg/kgf WIN 55,212-2 on the quinpiroie and Cl-APB 
hydrobromide alleviation of the akinesia CP < 0.001, 
91% reduction) was blocked by coadministration of SR 
141716A(3 mgfcg) CP > 0.05) (Fig. 3b). 

DISCUSSION 

This study demonstrates that cannahinoid receptor 
activation decreases dopamine receptor-induced allevia- 
tion of akinesia in the reserpine-treated rat model of 
Parkinson's disease. This effect is specific for D 2 receptor- 
mediated antiparkinsonian effects. 

In this study, the reserpine- treated rat model of 
Parkmsbn's disease was used to evaluate the effect of 
cannahmoids on the antiparkinsonian effects of dopa- 
mine receptor stimulation. This model was preferred to 
the unilateral 6-OHDA-leaioned rat to avoid misinter- 
pretation of results due to effects of cannabinoids on the 
unlesioned side of an animal model such as the 6-OHDA- 
lesioned rat. 

In the 6-OHDA-lesioned rat, rotational behavior 
contra vers ive to the lesion reflects net overactivity of 
the outpfut regions of the basal ganglia (entopeduncular 
nucleus/substantia nigra pars reticulata, i.e., EP/SNr) 
on the lesioned compared to the unlesioned side. Thus, 
the contraversive circling seen following dopamine 
receptor activation which is normally taken as indica- 
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tive of an antiparkinsonian effect results from a de- 
crease in the firing rate of EP/SNr neurons on the 
lesloned side. However, similar behavior could be seen 
if the activity of the EP/SNr on the unlesioned side was 
increased. Given the fact that cannabinoids can modu- 
late dopamine uptake (11, 23) and would, m this 
respect, act preferentially on the unlesioned ttde, _ it 
makes the interpretation of reporta of cannabinoids 
reducing dopamine D, receptor agonist-induced rota- 
tion difficult (2). . ^ . . 

WIN 55,212-2 had no effect on locomotion when given 
alone. The absence of effect of WIN 55 212-2 alone on 
reserpine-induced akinesia was not interpreted as an 
additional effect of the cannabinoid on catalepsy as, at 
the doses employed (O.l-l mg/kg), no c atalepsy ^is seen 
in the normal rat (2). We have found that the catalepto- 
genic effect of WIN 55,212-2 onlybecom^add^ ^ 
feserpine (3 mg/kg) for doses of WIN 55,212-2 ^greater 
thanfi mg/kg (data not shown). The variability of the 
locomotor scores observed foUowmg injection of ^01 
ms/kg WIN 55,212-2 alone wsb greater than for higher 
doses or of vehicle. The reason for this «umdear. m 

The lack of effect of WIN 55,212-2 (0.1-1 mg/kg) on 
the full Dj agonist Cl-APB-induced alleviation of akine- 
sia is in contrast with previous findings ^owmg&at 
cannabinoids decrease the Drmediated^ntralateral 
Sngin the 6-OHDA-lesioned rat (2). The fact that it 
W as~oot seen in the present study may suggest a 



Di-cannabinoid interaction on the unlesioned side of 
the brain that would enhance basal ganglia outpute on 
the unlesioned side. Thus the authors' speculation that 
cannabinoids may decrease the Dj-stimulated GABA. 
release from the striatal terminals in the substantia 
nigra nigra by acting on N-type calcium channels 
seems unlikely. Indeed, to date, there is no evidence of 
such negative modulation of GABAergic : transmission. 
On the contrary, there is much evidence to suggest that 
cannabinoids enhance GABAergic transmission in the 
globus pallidus and SNr (17. 18, 21, 24). 

WIN 55,212-2 decreased the Da receptor agonist 
ouihpirole-induced alleviation of akinesia in a signifi- 
ed Winer. This effect was blocked by coadministra- 
tion with the cannabinoid receptor antagonist SR 
14l)716A. Again this result contrasts with previous 
reports in Unilateral models of Parkinson's disease 
where the cannabinoid receptor agonist CP 55,940 had 
ToSectonD, receptor agomst-memated wntxalateral 
rotation m the 6-OHDA-lesioned rat (2). The effects of 
D 2 stimulation on Parkinson's disease symptoms are 
mediated through the striatal outputs that influence 
Sal ganglia outputs indirectly. Thus D* /gonists 
reluVactivity in the overactive striatopaBidal path- 
waV to GPL This in turn leads to increased inhibition of 
th?STN. Decreased activity of STN leads to decreased 
excitation of GPm/SNr which we have previously sho wn 
^reverse parkinsonian symptoms. Several potential 
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sites of Djr-cannabi^oids interactions are thus appar- 
ent. It is unlikely that this interaction occurs in the 
striatum because in the unilaterally 6-OHDA-lesioned 
mouse, contralateral rotation induced by intrastriatal 
injections of cannabinoids is decreased by either Di or 
D 2 receptors (26). Actions of cannabinoids in the STN 
are unknown, but preliminary reports suggest that 
cannabinoids might reduce ghitamate release from 
subthalamic efferents in GPm/SNr (25). The most likely 
site of interaction is the GPL It has been shown that 
cannabinoid receptor activation can decrease GABA 
uptake in GPl, Such an action would tend to act to 
counteract the decreased GABA release induced by D a 
inhibition of the indirect striatal output pathway. 

The marked synergistic effect of combined injection 
of Dl and D2 receptor stimulation on locomotion has 
been reported before using the partial Dl agonist 
SKF38393 (IS). However, in the present study, it 
appears that the full T> 1 agonist CI APR enhances the 
effects of D 2 stimulation to an even greater extent. WIN 
55,212-2 reduced the effect on locomotion elicited by 
combined injection of Dj and D 2 receptor agonists (both 
at sub- and at suprathreshold doses), SR 141716A 
blocked the inhibition of the antiparkinsonian effect. 
These effects proba bly result from an action on the D s 
stimulation as WIN 55,212-2 did not reduce locomotion 
to levels below that seen with the Di agonist alone. 

A recent study showed that in mice, SR 141716A 
increased locomotion at doses of 10 and 30 mg/kg (5). 
The authors concluded to the possible existence of an 
endogenous cannabinoid tone that could be responsible 
for inhibiting movement. In our study the absence of 
antiakinetic effect of SR 141716A (3 and 30 mg/kg) does 
not seem to corroborate their results. However, as the 
authors point out, the high doses necessary to produce 
a locomotor effect could account for a novel or even 
nonspecific action of the cannabinoid receptor antago- 
nist. 

The present study therefore suggests an inhibitory 
effect of cannabinoids on Da-mediated alleviation of 
akinesia in the reserpine-treated rat model of parkin- 
sonism. We suggest that such an action takes place in 
the globus pallidus although further investigation is 
needed to fully characterize the site of action of canna- 
binoids* While these data suggest that cannabinoids 
might not prove useful in the treatment of Parkinson's 
disease, they do point toward opportunities for employ- 
ing cannabinoids in the treatment of movement disor- 
ders. 

Actions of cannabinoids that enhance GABA transmis- 
sion in GPl may prove useful in the very early stages of 
Huntington's disease when there is degeneration of the 
GABAergic inputs to GPl from the striatum. In this 
instance, decreased GABAergic tone in the GPl mani- 
fests itself as chorea. Similar choreic symptoms are also 
seen in dyskinesias seen in parkinsonian patients 



following long-term dopamine agonist therapies. These 
symptoms may result in part from D^-mediated reduc- 
tions in GABA release in GPl (6). The data presented in 
this study suggest that cannabinoids might act to 
reduced-mediated reductions in GABA release in GPL 
Such an action would be a useful adjunct to dopamine 
agonists in the treatment of Parkinson's disease and 
may allow the antiparkinsonian effects of dopamine 
replacing agents without eliciting dyskinesia, 
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